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Conformational Changes in the Lac Repressor Protein Effect DNA Loop
Energetics and Topology
Pamela J. Perez1, Nicolas Clauvelin1, Grace Tam1, Wilma K. Olson1,2.
1BioMaps Instute for Quantitative Biology, Rutgers University, Piscataway,
NJ, USA, 2Chemistry and Chemical Biology, Rutgers University,
Piscataway, NJ, USA.
DNA looping mediated by the Lac repressor protein is a classic exemplar for
understanding protein-DNA interactions and allosteric mechanisms in gene
regulation. When the repressor protein binds to two distant operator sites on
substrate DNA, it causes the formation of DNA loops. Most of the previous
study of this system has focused on either the properties of the DNA loop
created by the protein-DNA interaction or seeks to explain the possible confor-
mational changes of the protein itself. Here we take a combined approach by
considering the effects of protein deformation on the topology and energetics
of the induced looped-DNA. We begin by creating a collection of 3D atomic
coordinate models of the protein to simulate the structural fluctuation consistent
with earlier studies. By incrementally rotating segments of the protein about
likely sites of flexibility these new models provide a large distribution of
constraint parameters for the generation of looped-DNA coordinates. We
then employ a novel approach to obtain minimum energy looped structure
whereby the potential energy of elastic deformation is optimized. In this way
we are able to describe energy landscapes that provide clues to how variations
in protein structure contribute to DNA loop stability and topology.
381-Pos Board B136
Determination of Free Energy Profiles for Polynucleotides Translocation
through Mutant a-Hemolysin Nanopores
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The understanding of nucleotides’ interaction with the Staphilococcus aureus
a-hemolysin nanopore is of special interest because some studies suggest several
methods for using this nanopore incorpored in a planar lipid bilayer as a real time
DNAsequencer. Themain operational difficulty to obtain aDNA sequencer is the
high DNA translocation speed through the nanopore, which hinders proper base
discrimination. Strategies for producing increasing the residence timeof theDNA
and the interaction energy with the nanopore include site directed mutations and
chemical functionalization. In this work we used nonequilibrium molecular
dynamics simulations and Jarzynsnki’s relation (JR) to obtain the free energy pro-
files of DNA translocation through a-hemolysin nanopores, in its native form or
mutated by cysteine in strategic positions previously selected by molecular
modeling investigations: G133 and L135.
Compared to the native form, there was a
considerable increase in the minimum en-
ergy needed for DNA transport; we also
observe, in the point of mutation, a PMF in-
crease in L135C and decrease in G133C.
We intend use the obtained information
about the interactions of DNA-nanopore
to theoretically predict promising nano-
pores to be tested experimentally.382-Pos Board B137
Direct Single-Molecule FRET Imaging of the Eukaryotic Initiation Factor
4A Reveals Large Conformational Transitions During RNA Unwinding
Yingjie Sun, Amit Meller.
Boston University, Boston, MA,
USA.
The translation initiation factor eIF4A
is the prototypical DEAD-box RNA
helicase and it has a ‘‘dumbbell’’ struc-
ture consisting of two domains con-
nected by a linker. Our previous
studies have shown that eIF4AI/
eIF4H complex can bind directly to
loop structures and repetitively unwind
the RNA hairpin (1). Here, we report
the direct and real-time observation
of the conformational change of dou-
ble labeled eIF4A during RNA un-
winding using single-molecule FRET.
We demonstrate that the eIF4A in the
presence of eIF4H can repetitively un-
wind the RNA hairpin substrate byundergoing large ‘open’ and ‘closed’ conformation using the energy from
ATP hydrolysis. Our experiments directly track the conformational changes
in the catalytic cycle of eIF4A and eIF4H in real time and this correlate pre-
cisely with the kinetics of RNA unwinding. We find that the small molecule,
hippuristanol, can inhibit the helicase activity of eIF4A/eIF4H, by locking
eIF4A at its closed conformation, thus disabling its ability to hydrolyze ATP.
1. Y. Sun et al., Nucleic Acids Res 40, 6199 (Jul, 2012).
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Role of Dead Box Helicases in HIV-1 Rev Function: a Single-Molecule
Approach
Rajan Lamichhane, David P. Millar.
Department of Integrative Structural and Computational Biology, The
Scripps Research Institute, La Jolla, CA, USA.
The HIV-1 Rev (Regulator of Expression of Virion) protein activates nuclear
export of unspliced and partially spliced viral mRNAs, which encode the viral
genome and the genes encoding viral structural proteins. Rev interacts with a
highly conserved region, the Rev Response Element (RRE), located within the
viral mRNA. Initially, a single Rev monomer binds to stem loop IIB of the
RRE, whereupon additional Rev monomers are recruited to the RRE through a
combination of RNA-protein and protein-protein interactions, resulting in the
formation of a functional nuclear export complex. In addition, several cellular
host proteins, such as the DEAD box helicases DDX1 and DDX21 are known
to be required for efficient Rev function in vivo, although their precise role is un-
known. In this study, a variety of single-molecule fluorescence spectroscopic
methods were used to dissect the role of DDX1 and DDX21 during assembly
of Rev-RRE complexes. To facilitate these studies, the large DDX1 and
DDX21 proteins were enzymatically labeled with bright and photostable dyes,
while Rev was labeled at a single cysteine by maleimide chemistry. Single-
color TIRF measurements with labeled Rev were used to monitor individual
Rev monomer binding steps during oligomeric Rev-RRE assembly. Moreover,
single-color experiments with labeled DDX1 or DDX21 reveal that each helicase
is capable of binding directly to the RRE. Two-color colocalization and FRET
measurements were used to monitor the simultaneous binding of both Rev and
DDX1 to the RRE, revealing the temporal correlation between individual protein
binding steps. Together, these studies are revealing howDEAD box helicases are
able to promote the oligomeric assembly of Rev on the RRE, thereby acting as
cellular cofactors of HIV-1. Supported by NIH P50 grant GM082545.
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DEAD Box Helicases in Rnp Granule
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Processing body (p-body) granule is located at the cytoplasm of eukaryotic
cells and serves as a molecular hub for collection of mRNA and RNA process-
ing enzymes. (Science 324 pg. 26 June 2009) P-body has been implicated for
mRNA storage, splicing, degradation and translational repression, but how it
assembles and carries out the diverse array of functions is not clearly under-
stood. Among RNA processing enzymes, RNA helicases are thought to play
the central role by active ATP hydrolysis, contributing to the liquid-like prop-
erty of P-body granules.
In this study, a DEAD-box helicase in p-body granules is characterized by sin-
gle molecule FRET analysis. One of RNA helicases from C.Elegans, Laf-1 is
composed of an RGG boxes at its N-terminus and polyglutamine tract at its
C-terminus with DEAD box helicase core in its center. Laf-1 binds exclusively
to single strand RNA (ssRNA) and shows a weak ATP hydrolysis activity stim-
ulated by single stranded RNA. Upon binding ssRNA, Laf-1 initially wraps/
bends ssRNA and exhibit dynamic wrapping-unwrapping interaction with the
RNA. Furthermore, Laf-1 promotes RNA annealing 10 to 100 fold faster, but
does not show any unwinding activity. Its ability to wrap/unwrap ssRNA and
anneal complementary ssRNAs may explain the role of Laf-1 in assembling
the p-body granules and maintaining dynamic, liquid-like property.
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RNA Helicases on the Move
Raj Saurabh1, Debjiani Bagchi1, Francesca Fiorini2, Herve´ Le Hir2,
Kyle Tanner3, Josette Banroques3, Vincent Croquette1,4.
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We have investigated the mechanical properties of the RNA-helicase-motor
proteins in single-molecule assays using Magnetic Tweezers. RNA helicases
72a Sunday, February 16, 2014are fundamental molecular motors that remodel RNA structures, DNA/RNA
hybrids and RNA-protein complexes that are essential in gene regulation. So
far their mechanism of action is very much debated and the classical assays
are not sufficient to answer these questions this is particularly true for Dead
box helicases. We have developed a cyclic assay in parallel on tens of mole-
cules at the same time which allows detecting the unwinding of short RNA/
DNA hybrids in real time by Ded1 helicase. The observation of unwinding
by the Ded1 helicase in various conditions of ATP and analogs indicate that
the enzyme melt the duplex rather than translocating along ssDNA and strip
the complementary strand. On the contrary Upf1 helicase is a real translocase
moving along nucleic acids over several hundred bases either on single strand
or unwinding duplex.
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RecBCD Fails to Bypass the 50-To-30 Single-Stranded DNA Gap After
Translocating Along Individual Chi-Containing Duplex DNA
Cinya Chung, Hung-Wen Li.
Dept. of Chemistry, National Taiwan University, Taipei, Taiwan.
The E. coli RecBCD plays an important role of initiating the repair of
double-stranded DNA breaks (DSB). Translocating and recognizing chi
sequence (5’-GCTGGTGG-3’) have been implicated with a conformational
change that enables the enzyme to preserve the 3’-to-5’ single-stranded
DNA for RecA assembly. RecBCD is composed of three subunits, RecB
(3’-to-5’ helicase), RecD (5’-to-3’ helicase), and RecC. Here we used a
single-molecule tethered particle motion technique to directly monitor the
translocation of RecBCD along chi-contained DNA molecules. Using
bead-labeled enzymes, we monitored the RecBCD translocation along indi-
vidual DNA by measuring the gradual decrease in the bead Brownian mo-
tion as the enzyme moves along the DNA towards the surface. DNA
substrates were designed that RecBCD would encounter a single-stranded
DNA gap after the recognition of the chi sequence. While translocating
along chi-free DNA substrates, the time traces showed no apparent pause,
which neither 3’-to-5’ nor 5’-to-3’ ssDNA gap influents the movement of
the enzyme1. However, over 50% of RecBCD enzymes failed to pass
through the 5’-to-3’ ssDNA gap after translocating over chi-containing
duplex DNA. Considering RecD as a major 5’-to-3’ ssDNA translocase in
the RecBCD complex, our observation is consistent with the model that
the conformation change occurs after chi recognition and RecD is disen-
gaged from the 5’-ssDNA.
(1) Chung, C.; Li, H. W. J. Am. Chem. Soc. 2013, 135, 8920.
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Single-Molecule Imaging Reveals the Translocation Dynamics of Hepatitis
C Virus NS3 Helicase
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Worldwide, over 185 million people are chronically infected with hepatitis C
virus (HCV), facing risks of developing liver diseases, such as hepatocarci-
noma. There is no vaccine available. New therapies without side effects are
highly needed. HCV encodes a superfamily 2 helicase (NS3h) in the C-terminal
portion of nonstructural protein 3. This enzyme is essential for virus replication.
Previous studies have well characterized the unwinding properties of the heli-
case. The ensemble approaches, however, have largely limited the understand-
ing of the translocation dynamics. Here, we used optical traps to stretch
kilobase-size single-stranded DNA (ssDNA), the single-molecule tracking of
fluorescence-labeled NS3 enables us to directly determine the translocation
speed, processivity, binding duration and the stoichiometry of translocating
complex. Interestingly, we observed NS3h-mediated repetitive looping of
ssDNA in the range of hundreds nucleotides. We further applied single-
molecule fluorescence resonance energy transfer (smFRET) to the analysis of
repetitive looping behavior. By tuning the fluorophore pair position between
protein and nucleic acids, more structural information has been revealed. The
dual-ways of movements observed by single molecule analysis may play roles
in HCV life cycle.388-Pos Board B143
PcrA Helicase and the Mechanism of Asymmetric Rolling Circle DNA
Replication
Lesley Southerden, Claudia Arbore, Martin Webb.
NIMR/UCL, Mill Hill, United Kingdom.
DNA Helicases are responsible for the separation of double-stranded into
single-stranded DNA for replication and other processes. Often working as
part of a larger molecular machine, they are driven by ATP hydrolysis and
translocate along the DNA, resulting in the separation of the DNA. One such
helicase is PcrA, active during rolling circle replication of plasmids, carrying
antibiotic-resistance genes and transferred between certain bacteria, thereby
transmitting the resistance. To perform this function it forms part of a complex,
in which it interacts with an initiator protein (in this case RepD) and a DNA
polymerase III, which replicates one strand in the plasmid. Initiation occurs
at the double stranded origin (in this case the oriD) when RepD nicks one
strand. Following unwinding and replication of the unnicked strand, termina-
tion includes a series of strand exchanges resulting in one new plasmid and a
circular single-strand that is replicated separately.
PcrA used in most previous structural and biochemical studies has been from
Bacillus stearothermophilus, although the specific plasmids, polymerase and
RepD are from Staphylococcus aureus. Because of potentially important
protein-protein interactions, these will only be optimal with all components
of the replication complex coming from the same organism. The effect of hav-
ing all three proteins from S. aureus is now described. The rate of unwinding
together with ATP usage is measured in this system. Protein-protein interac-
tions and the details of termination have been little understood. Experiments
are described to investigate what biochemical mechanism occurs, what are
the main intermediates and how they interconvert.
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Analysis of Polymerase-DNA Interactions and Polymerase Activity with
Electrically Actuated DNA Nanolevers on a Chip
Andreas Langer1,2, Michael Schraeml3, Ralf Strasser2, Dieter Heindl3,
Ulrich Rant2.
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Next generation DNA sequencing technologies are on the verge of revolution-
izing research and clinical genomics. An important cornerstone for ever faster,
less expensive and more accurate genomic information are highly optimized
and error-free DNA polymerases.
Here we present a novel method to study DNA polymerases and their interac-
tion with nucleic acids on a chip. DNA molecules, which are end-tethered to
microelectrodes on a chip, are set in motion by alternating electric fields, and
the molecular dynamics of their oscillation (orientation switching) are
measured by fluorescence energy transfer. The association and dissociation
of various DNA polymerases are monitored in real-time by analyzing changes
in the DNA motion that occur due to polymerase binding. Chemical rate con-
stants of association and dissociation and affinity constants are determined.
For the polymerases phi29, Taq, and the Klenow fragment, the influences of
temperature, mono- and divalent ion concentration, and presence/absence of
dNTPs on polymerase binding kinetics are investigated. The polymerization
activity is evaluated and even exonuclease activity can be observed in real-
time. Simultaneously, information on the size of the DNA-polymerase complex
is obtained with sub-nanometer accuracy and conformational changes in the
ternary polymerase-dNTP-DNA complex are revealed (match/mismatch
situation).
The method is label-free, uses a parallel microelectrode format for multiplexed
assays and microfluidics for low sample consumption. It bears great potential as
a powerful tool for the characterization of polymerases and facilitates the engi-
neering of polymerases for, e.g., more efficient sequencing technologies.
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Studies of DNA Gyrase at the Single Molecule Level
Kathryn H. Gunn, Katarzyna M. Soczek, John F. Marko,
Alfonso Mondragon.
Northwestern University, Evanston, IL, USA.
Topoisomerases are proteins that manipulate the topology of DNA. Unique
among topoisomerases is DNA gyrase, a Type II bacterial topoisomerase,
which is the only one capable of introducing negative supercoils. In addition,
DNA gyrase can relax positive supercoils, an ability shared by other members
of both Type I and II topoisomerases. To generate negative supercoils, DNA
